Introduction
============

Polycystic ovarian syndrome (PCOS) brings significant heterogeneity of cardio-metabolic risk at the time of the confirmed diagnosis ([@bib1]). Obesity, menstrual irregularity and hyperandrogenism are recognized as the most important clinical predictors of progressive metabolic burden ([@bib2]). Metformin that has been used in PCOS over the past few decades ([@bib3], [@bib4]) may decrease the metabolic risk ([@bib1]), yet the majority of therapeutic studies in this population have been small and have used metformin for a relatively brief period ([@bib5], [@bib6]).

Low-quality evidence supports the use of metformin for women with PCOS and glucose intolerance when lifestyle intervention (LSI) is insufficient and for the management of menstrual irregularity if women are unable to take oral contraceptives (OCPs) ([@bib7], [@bib8]). The latest international guidelines update recommends to consider metformin in addition to LSI also in women with PCOS with BMI ≥25 kg/m^2^, independent of the presence of glucose disturbances and menstrual irregularity ([@bib7]). However, there is no clear answer for how long metformin should be prescribed in these subsets of patients, who would clearly benefit from long-term use of metformin in PCOS, and whether long-term treatment with metformin is of benefit above and beyond lifestyle modification ([@bib1], [@bib8], [@bib9]).

The possibilities of preventing or delaying cardiometabolic diseases in adults at high risk had been hypothesized for many years. The largest and longest trial in general population at high risk of developing type 2 diabetes (T2D) included 3234 participants with impaired glucose tolerance, elevated fasting plasma glucose and BMI of ≥24 kg/m^2^, and metformin reduced the incidence of T2D by 31% compared with placebo after an average follow-up of 2.8 years and by 18% over 10 and 15 years post randomization ([@bib10]). The subgroups that benefited the most included subjects with obesity, higher baseline fasting glucose or HbA1c and women with history of gestational diabetes mellitus ([@bib10], [@bib11]). Furthermore, a recent systemic review demonstrated that adults using metformin experienced and maintained greater decreases in weight/BMI when compared with subjects on placebo, irrespective of duration of intervention and of the prescribed daily dosage ([@bib12]). One of the major determinants of the efficacy of metformin used as a preventive measures seems to be adherence ([@bib12]) that is usually observed to be low in long-term settings.

We evaluated the long-term efficacy of metformin in overweight-obese patients with PCOS and normal baseline glycemic homeostasis on body mass (BM), menstrual frequencies (MF), metabolic and hormonal outcomes. This allows us to summarize our perspective in future research that can help to identify the optimal candidates and optimal duration for treatment with metformin in overweight-obese PCOS with normal baseline glucose homeostasis, where currently a long-term efficacy of metformin remains unproven.

Materials and methods
=====================

Study design
------------

We conducted a retrospective review of medical records of all women with PCOS referred to a specialized endocrinology outpatient clinics at the Department of Endocrinology, Diabetes and Metabolism in University Medical Centre, from January 2006 to December 2008. Study protocol was approved by the National Ethics Committee and registered with ClinicalTrials.gov identifier NCT04043221.

Study cohort
------------

We identified 800 patients diagnosed with PCOS referred to first endocrine check-up during the selected 3-year period. The medical records of all patients were reviewed by the authors to confirm the diagnosis of PCOS based on the Rotterdam criteria and phenotype themfrom A to D. Phenotype A is defined as concomitant presence of hyperandrogenism, ovulatory dysfunction and polycystic ovarian morphology (PCOM) and represents the classical form of the syndrome. Phenotype B presents hyperandrogenism and ovulatory dysfunction, without PCOM. Phenotype C is the so-called 'ovulatory' PCOS (hyperandrogenism and PCOM only) and phenotype D is often referred to as 'nonhyperandrogenic' PCOS (ovulatory dysfunction and PCOM only) ([@bib13]). After the review of the medical records we recruited the patients. Eligibility criteria included phenotype A, BMI ≥25 kg/m^2^, normal glucose homeostasis, introduction of monotherapy with metformin 1000 mg BID and follow-up period for at least 1 year. Patients were excluded from the study if they showed the following: (a) phenotype B, C or D; (b) BMI \<25 kg/m^2^; (c) impaired fasting glucose (IFG), impaired glucose tolerance (IGT) or T2Dat baseline; (d) had been treated with spironolactone and/or OCPs within the last 6 months before recruitment; (e) had history of bariatric surgery; (f) became pregnant during the observation period or (g) had the inability to tolerate metformin that led to the cessation of drug therapy within first follow-up year ([Fig. 1](#fig1){ref-type="fig"}).Figure 1Flowchart of the study. PCOS, polycystic ovarian syndrome; N numerus; BMI body mass index; BID, bis in die, twice a day; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; T2DM, type 2 diabetes mellitus.

Data collection
---------------

Each patient's age and height were recorded at baseline. In addition, each patient's weight, blood pressure, menstrual frequency, fasting glucose, androstenedione, dehydroepiandrosterone sulphate (DHEAS), free and total testosterone, follicle-stimulating hormone (FSH), luteinizing hormone (LH) were identified at baseline and at every follow-up visit at 1-year intervals where available. Oral glucose tolerance test was performed at baseline and then rescreened periodically over 2--3 years. Waist circumference, Ferriman--Gallwey score, serum insulin levels and lipid profile were not consistently assessed as part of the standard clinical care in women with PCOS at that time and sufficient data are unavailable for analysis.

Glucose levels were determined using a standard glucose oxidase method (Beckman Coulter Glucose Analyzer, Beckman Coulter Inc CA, USA). Androstenedione and DHEAS were measured by specific double antibody RIA using 125 I-labeled hormones (Diagnostic Systems Laboratories, Webster, Tx). Total and free testosterone levels were measured by coated tube RIA (DiaSorin, S. p. A, Salluggia, Italy and Diagnostic Products Corporation, LA, respectively). LH and FSH were measured using immunometric assay (Diagnostic Products Corporation, LA). Intra-assay coefficient of variation (CV) for androstenedione ranges from 5.0 to 7.5% and inter-assay CV from 4.1 to 11.3%, and intra-assay CV for DHEAS from 4.9 to 9.8% and inter-assay CV from 7.9 to 13.0%. Intra-assay CV for free testosterone is 7.7--19.3% and inter-assay CV is 6.4--13.2%. Intra-assay CV for total testosterone is 5.1--16.3% and inter-assay CV is 7.2--24.3%. Intra-assay CV for SHBG is 2.5--5.3% and inter-assay CV is 4--6.6%. BMI was calculated as the weight in kilograms divided by square of height in meters. Menstrual regularity was defined as number of bleeds per year using self reported menstrual intervals based on dairy review. According to World Health Organization (WHO) criteria (available from: <http://www.who.int/diabetes/publications/diagnosis_diabetes2006/en/>), during OGTT, normal glucose tolerance (NGT) was defined as fasting glucose levels below 6.1 mmol/L and 2-h glucose in 75 g-OGTT \<7.8 mmol/L, impaired fasting glucose (IFG) as fasting glucose between 6.1 and 6.9 mmol/L and 2-h glucose in 75g-OGTT \<7.8 mmol/L, impaired glucose tolerance (IGT) was identified by 2-h glucose levels in 75 g-OGTT between 7.8 and 11 mmol/L and T2D as fasting glucose level ≥7.0 mmol/L or 2-h glucose ≥11.1 mmol/L. Conversion was viewed as worsening of category from NGT to IFG, IGT or T2D, a change from IFG to T2D or a change from IGT to T2D over time, and reversion was viewed as an improvement from IFG, IGT or T2D to NGT or from T2D to IGT or IFG.

Metformin therapy
-----------------

All participants began treatment with metformin at baseline. Metformin was commenced at 500 mg once daily, with 500 mg increments weekly up to 2000 mg in most patients. As part of the routine clinical care, all patients were counseled regarding lifestyle changes at every visit.

Statistical analysis
--------------------

Continuous variables are represented as mean ± [s.d.]{.smallcaps}, while categorical variables are described using frequencies. Nonparametric Wilcoxon signed-rank test was used for comparison of clinical parameters for related samples. Spearman's rho was used to calculate correlations between continuous variables. Nonparametric Mann--Whitney or Kruskal--Wallis tests were used to compare the distribution of continuous variables among different groups. *P* values of \<0.05 were considered statistically significant. IBM SPSS Statistics, version 21.0 (IBM Corporation) was used for all statistical analyses.

Results
=======

During the selected 3-year period, 800 women with the diagnosis of PCOS underwent assessment, 159 among them fulfilled the eligibility criteria. The mean values of their baseline characteristics are outlined in [Table 1](#tbl1){ref-type="table"}. Longitudinal follow-up included 6085 time-points with a subset of anthropometric, reproductive, hormonal and metabolic parameters.Table 1Baseline characteristic and longitudinal follow-up to 7th year of therapy with metformin of clinical parameters in women with PCOS, treated with metformin.^a^Clinical parameter mean ± [s.d.]{.smallcaps}Baseline characteristicYears of metformin therapy1234567*n* = 159*n* = 141*n* = 103*n* = 78*n* = 56*n* = 35*n* = 30*n* = 18Age (years)28.4 ± 6.4Weight (kg)96.1 ± 19.292.4 ± 1891.1 ± 18.192.7 ± 19.292.7 ± 19.595.1 ± 18.193 ± 15.390.4 ± 13.6BMI (kg/m^2^)34.9 ± 6.633.5 ± 6.333.2 ± 6.633.5 ± 6.633.4 ± 6.634.5 ± 6.634 ± 6.232.8 ± 4.8FPG (mmol/L)4.9 ± 0.54.9 ± 0.74.9 ± 0.64.9 ± 0.85.2 ± 0.85.5 ± 1.45.2 ± 15.6 ± 1.6MF (number of cycles/year)7.6 ± 3.810.8 ± 2.710.6 ± 311.3 ± 1.710.6 ± 2.911 ± 2.411 ± 2.911.6 ± 0.6DHEAS (μmol/L)6.5 ± 3.27.3 ± 9.26.9 ± 36.4 ± 3.46.8 ± 3.65.8 ± 3.26.3 ± 3.29.5 ± 10.9Total testosterone (nmol/L)2 ± 11.5 ± 0.81.6 ± 11.3 ± 0.91.3 ± 0.81.4 ± 1.21.7 ± 1.32 ± 2.3Free testosterone (pmol/L)6.6 ± 4.35.2 ± 3.65.3 ± 3.75.9 ± 4.16.1 ± 4.14.9 ± 2.85.2 ± 3.74.5 ± 2.8Androstenedione (nmol/L)10 ± 9.97.3 ± 3.58.3 ± 4.46.8 ± 3.57.4 ± 4.47.4 ± 4.46.9 ± 3.65.9 ± 2FSH (IU/L)5.4 ± 5.85.1 ± 2.35.2 ± 2.55.2 ± 2.25.7 ± 3.27.8 ± 12.65.3 ± 2.66.5 ± 2.6LH (IU/L)9.1 ± 7.37.5 ± 8.58 ± 7.27.1 ± 6.57.9 ± 8.812.3 ± 12.16.6 ± 5.18.6 ± 10.3[^1][^2]

Anthropometric parameters
-------------------------

BM decreased for 3.9 ± 6.8 kg (*P* \< 0.001) in the first year of follow-up. BMI decreased for 1.5 ± 2.3 kg/m^2^ (*P* \< 0.001) in the first year of follow-up. Altogether in the first year, 104 patients lost weight, 8 remained the same and 28 patients gained weight. Change of the BM after the first year was inversely correlated with baseline BM (Spearman's rho = −0.337; *P* \< 0.001) and BMI (Spearman's rho = −0.308; *P* \< 0.001). Patients who lost weight in the first year had significantly less frequent menstrual bleeding at baseline (Spearman's rho = 0.190; *P* = 0.045). Twenty-five patients gained weight after 1 year, 60% of those who had 11 or 12 menstrual bleedings at baseline. There was no correlation between body weight change and fasting plasma glucose level or hormonal status (level of LH, FSH, DHEAS, androstenedione, total and free testosterone). Patients who lost weight in the first year had significantly less frequent menstrual bleeding at baseline (6.9 ± 3.8 vs 9.2 ± 3.6 numbers of bleedings/year (*P* = 0.003)) when compared to patients that gained weight or remained stable. The two groups did not differ at baseline BM, BMI, fasting plasma glucose level and hormonal status (level of LH, FSH, DHEAS, androstenedione, total and free testosterone). Decrease of BM and BMI remained significant up to visit (V) 4 when compared with baseline. From V5 up to V10, no significant change in BM was observed when compared with baseline ([Fig. 2A](#fig2){ref-type="fig"}).Figure 2Change in body weight (A), number of menstrual cycles (periods) (B), total plasma testosterone levels (C) and plasma androstenedione levels (D) during the time. Values are means with 95% CI shown by vertical lines. Comparisons to pretreatment values were calculated using Wilcoxon test for paired samples. \*The values beyond 7 years are truncated because less than 10% of the participants continued with metformin therapy for more than 7 years.

Menstrual regularity
--------------------

Menstrual frequency increased from 7.6 ± 3.8 to 10.8 ± 2.7 bleeds/year (*P* \< 0.001) after first year to over 11 bleeds/year from V5 up to V7 ([Fig. 2B](#fig2){ref-type="fig"} and [Table 1](#tbl1){ref-type="table"}). The increase in menstrual frequency was statistically significant from V1--V7 when compared to baseline ([Fig. 2B](#fig2){ref-type="fig"}).

We also stratified patients by age and evaluated menstrual frequency in patients younger than 35 years at baseline and patients 35 years old or older at baseline. In patients younger than 35 years, menstrual frequency increased from 7.4 ± 3.9 to 10.7 ± 2.9 bleeds/year (*P* \< 0.001) after first year and to 11 bleeds/year or more from V5 up to V7. In patients ≥35 years, menstrual frequency increased from 9.0 ± 3.1 to 11.1 ± 1 bleeds/year (*P* \< 0.026) after first year.

Change in menstrual frequency after first year negatively correlated with the menstrual frequency at baseline (Spearman's rho = −0.803; *P* \< 0.001) and age (Spearman's rho = −0.221; *P* = 0.044). Correlation with menstrual frequency at baseline was significant both in patients younger than 35 years (Spearman's rho = −0.792; *P* \< 0.001) and in patients ≥35 years (Spearman's rho = −0.805; *P* = 0.009).

Increased menstrual frequency after first year correlated with the decreases in BM (*P* = 0.008) and decrease in total testosterone (*P* = 0.035), with no correlation with the change in LH/FSH ratio after first year. Correlation with BM and total testosterone was significant only in patients younger than 35 years (*P* = 0.023 and *P* = 0.015, respectively) and not in patients ≥35 years (*P* = 0.062 and *P* = 0.639, respectively).

Patients in whom menstrual regularity improved after first year had significantly less frequent bleedings (5.8 ± 3.3 vs 11.0 ± 2.2 numbers of bleedings/year (*P* \< 0.001)) and lower DHEAS (5.9 ± 3.0 vs 7.7 ± 3.7 μmol/L, *P* = 0.040) at baseline when compared with those with no improvement in menstrual frequencies. After stratification by age, only association of number of bleedings/year in patients younger than 35 years was significant (5.3 ± 3.2 vs 11.0 ± 2.3 number of bleedings/year (*P* \< 0.001)).

Metabolic parameters
--------------------

Mean levels of fasting glucose did not change significantly after first year follow-up and not during the following years. The mean values were in the normal range throughout the follow-up ([Table 1](#tbl1){ref-type="table"}). Patients in whom fasting glucose significantly decreased after first year had significantly higher fasting glucose at baseline (5.0 ± 0.4 vs 4.8 ± 0.5 mmol/l (*P* = 0.007)) and significantly lower menstrual frequency (6.3 ± 3.7 vs 8.5 ± 3.7 numbers of bleedings/year (*P* = 0.006)) when compared with women in whom fasting glucose increased or remained unchanged after first year. Fasting glucose after first year was negatively correlated with fasting glucose at baseline (Spearman's rho = −0.326; *P* = 0.001) and positively correlated with the number of menstrual bleeding per year (Spearman's rho = −0.305; *P* = 0.005).

An overall conversion rate to IFG was 6.2% (10 women), to IGT 1.2% (2 women), to IFG and IGT 1.2% (2 women) and to T2D was 4.4% (7 women), among them 3% (5 women) developed T2D from previously NGT and 2 from IFG. The highest conversion rate was observed in the first year, when 4 women developed IFG (one of them developed T2D in the second year), 2 women developed IGT, 2 women developed IFG and IGT (one of them developed T2D in fourth year) and one woman developed T2D. In the second year IFG developed in 2 women, in the third year in one, in fourth year in 2 and in sixth year in one woman. T2D was developed from previously NGT in 2 women in first year, in 1 woman in fourth year and in 2 women in fifth year. Only in one patient remission from T2D (which occurred in second year after developing IFG in first year) to IFG was observed in sixth year, but in seventh year T2D reoccurred.

Hormonal parameters
-------------------

Total testosterone and androstenedione decreased for 15.4 ± 47.9% and 11.3 ± 46.4% respectively after the first year ([Fig. 2C](#fig2){ref-type="fig"} and [D](#fig2){ref-type="fig"}), with further decrease in total testosterone and androstenedione for 37.8 ± 61.8 and 24.8 ± 40.5% from the initial values at the fifth year of the follow-up. After a decrease in the first year, value of total testosterone remained stable over the treatment period ([Fig. 1D](#fig1){ref-type="fig"}). The changes of total testosterone and androstenedione after first year were inversely correlated with baseline total testosterone and androstenedione (Spearman's rho = −0.541, *P* \< 0.001 and Spearman's rho = −0.302, *P* = 0.009 respectively). In addition, the change of androstenedione after first year was inversely correlated with baseline androstenedione (Spearman's rho = −0.582; *P* \< 0.001). In comparison with the women in whom the total testosterone and androstenedione remained unchanged or increased, women in whom total testosterone and androstenedione significantly decreased had higher androstenedione at baseline (10.2 ± 3.7 vs 6.7 ± 3.4 nmol/l (*P* \< 0.001) in patients with significant decrease of androstenedione and 10.3 ± 3.8 vs 7.4 ± 3.4 nmol/l (*P* = 0.001) in patients with significant decrease of total testosterone). Women in whom total testosterone significantly decreased after first year were significantly younger (28.2 ± 7.0 vs 31.5 ± 5.6 years) and also had significantly higher testosterone at baseline, when compared with non-responders in this regard. Values of LH and FSH decreased slightly over the treatment period, although the difference was not statistically significant yet. Values of DHEAS did not changed significantly during follow-up period. ([Table 1](#tbl1){ref-type="table"}).

Adherence
---------

From 159 subjects, the dropout rate was 10.4% (18 patients) in the first year, 35.3% (56 patients) in the second year, 51% (81 patients) in the third year, 64.2% (103 patients) in the fourth and 78% (124 patients) in the fifth year. Only 22% (35 subjects) continued with metformin therapy until fifth year of follow-up. About 18% (30 subjects) continuously received metformin for more than 5 years with further dropout to 5.6% (9 subjects) on metformin therapy at the tenth year of follow-up.

The drop out in this cohort was not associated with metformin intolerance, adverse effects, bariatric surgery or pregnancy since those were the exclusion criteria. As reported by the patients, the main reason for discontinuation after the third year was the lack of motivation. As seen from the patient's perspective, maximal treatment response achieved after first year was followed by a steady state and then the benefits of the steady state and other potential beneficial effects of long-term treatment were not sufficiently discussed with them.

There were no statistically significant changes in the baseline characteristic between patients that dropped out after third year and the patients who were continuing with the therapy after the third year. No baseline characteristics were associated with drop out or non-drop out status.

Adverse events
--------------

Among the 800 women, 3% had intolerable side effects that resulted in cessation of therapy within the first year. They were not included in the study. Although several women that were eligible for the study reported mild-to-moderate nausea and diarrhea at first year of follow-up, the symptoms were transient and disappeared after 4--8 weeks. No case of lactic acidosis or significant anemia due to vitamin B12 deficiency was documented within the study group during the observational period. Development of mild anemia with normal mean corpuscular volume (MCV) values were documented in five patients, all had normal levels of vitamin B12.

Discussion
==========

Long-term metformin treatment of women with PCOS, BMI ≥25 kg/m^2^ and normal baseline glucose homeostasis resulted in significant treatment response after the first year, with weight loss, increased menstrual regularity and improved androgen profile. In majority of women that subsequently remained on therapy, an overall beneficial steady state was observed throughout the follow-up. Conversion rate to IFG and T2D was low during the observation period, with the highest conversion observed within the first year. Those with higher baseline BM, BMI, less frequent menstrual bleedings and higher levels of androgens were identified as subgroups where metformin's effect seemed to be enhanced. Notably, after 2 years, remarkable drop out that had not been related to metformin intolerance or side effects was seen in this real-life setting.

Impact on body weight
---------------------

With regard to weight loss, it is often questioned whether long-term treatment with metformin is of benefit above and beyond LSI in overweight-obese patients with PCOS ([@bib1], [@bib6], [@bib8], [@bib9], [@bib14]). In our study, mean BM decreased for 3.7% after the first year and remained stable up to fourth year of follow-up. A meta-analysis of 630 participants with PCOS treated with metformin for 6 months reported no evidence of its effect on BMI ([@bib15]). On the other hand, another meta-analysis comparing the effect of metformin with or without LSI to LSI with or without placebo concluded that metformin in combination with LSI was associated with lower BMI ([@bib6], [@bib16], [@bib17]). Similarly, and in line with our observation, when only participants with BMI ≥25 kg/m^2^ were combined in a subgroup analysis, it was demonstrated that metformin offered additive benefits for weight and BMI when compared to LSI alone ([@bib18]). Also, in concordance with our observation, metformin added to LSI offered success in sustainability of weight reduction over 4 years in prospective cohort of 74 PCOS women ([@bib19]), whereas LSI alone is in general not very successful in preventing body weight regain after initial weight loss ([@bib20], [@bib21], [@bib22], [@bib23], [@bib24]). Given that PCOS is characterized by progressive weight gain from menarche ([@bib25], [@bib26], [@bib27]), the difficulty in stabilization of BM is expected to be even more pronounced in PCOS when compared to general population. Potential goal of long-term treatment with metformin in overweight-obese women with PCOS should therefore be a stabilization of BM through the years rather than weight reduction itself.

The amount of weight loss in our study correlated with the initial body weight and baseline number of menstrual bleedings per year. Women who lost weight in the first year had higher BM and less frequent menstrual bleeding at baseline. Greater capacity to lose weight in patients with higher BMI than in patients with slighter obesity was confirmed also in another real-life setting investigated metformin use in PCOS ([@bib28]). Interestingly, correlation with BM and total testosterone was significant only in our patients younger than 35 years and not in patients ≥35 years. This finding may be explained by the lower levels of testosterone in women older than 35 years, which may reduce the strength of the association between the two parameters. The data on the relationship between adiposity and total testosterone in PCOS from other studies are scarce and controversial ([@bib29]).

Impact on menstrual regularity
------------------------------

Metformin use in PCOS is not consistently associated with improvements in menstrual regularity. In a Cohrane review that included a meta-analysis of 38 RCT of 3495 women with PCOS, metformin therapy only marginally improved menstrual pattern ([@bib15]). In our cohort menstrual frequency increased after first year and normalized in the majority of patients in the following years. In the 24-month study conducted with prospective cohort, metformin was also associated with improvements in the menstrual cycle in overweight and normal weight women with PCOS ([@bib30]). Our patients in whom menstrual regularity improved after first year had less frequent bleedings at baseline when compared with those with no improvement in menstrual frequencies. Increased menstrual frequency correlated with the decrease in BM and total testosterone, whereas no correlation with the change in LH/FSH ratio was demonstrated. Weight, insulin resistance, testosterone and LH/FSH disturbances are established determinants of menstrual regularity ([@bib31]); yet, the relative contributions of those parameters on menstrual regularity across the different phenotypes of PCOS and the consequences of metformin impact on these different spectrums are currently unknown ([@bib30]). As menstrual irregularity in PCOS typically improves with time, we also stratified patients by age and confirmed the increase in patients younger than 35 years and in patients ≥35 years old at baseline.

Impact on androgens
-------------------

Metformin lowered testosterone levels by approximately 20--25% in women with PCOS ([@bib5]). In accordance with these reports ([@bib5]), mean total testosterone and androstenedione decreased up to 15% after the first year, with further decrease in total testosterone and androstenedione from 25 to up to 40% from the initial values at the fifth year of the follow-up. Importantly, the potential effect of aging that results in improvement of hyperandogenism as well as the well-known methodological difficulties related to RIA assays should be taken into account when interpreting the observed impact on the androgen status. In comparison with the women in whom androgens remained unchanged or increased, women in whom androgens decreased had worst androgen profile at baseline. It is believed that metformin lowered testosterone levels by reducing hyperinsulinemia ([@bib32], [@bib33]). In addition, it might have a direct inhibitory effect on ovarian steroidogenesis ([@bib34], [@bib35], [@bib36]) through inhibition of mitochondrial complex I ([@bib34]). Given that an androgen excess plays an important role in favoring the expansion of visceral fat and development of metabolic syndrome and T2D ([@bib37]), the improved androgen profile observed throughout long-term metformin treatment should be considered as an independent cardiometabolic risk reduction outcome in these population.

Impact on metabolic features
----------------------------

Few studies aimed to clarify the relationship between PCOS and T2D independent of obesity in longitudinal population-based cohorts. The most recent Australian Longitudinal Study on Women's Health database reported that women with PCOS are at an increased risk of T2D, irrespective of age and BMI ([@bib2]). There have been very limited studies of the natural history of glucose homeostasis in this population. In an elegant study by Legro *et al*., there was a nearly two-fold increase in the rates of conversion for subjects with PCOS and baseline NGT compared with the reference population, but there was also a significant chance for a spontaneous reversion rate to normal glucose tolerance ([@bib38]). Prospective studies investigating the impact of metformin on T2D risk specifically in women with PCOS are lacking ([@bib6]). Nonetheless, considering that these women are at high risk for developing T2D ([@bib39], [@bib40]), it has been suggested that they will benefit from metformin therapy in case of glucose intolerance ([@bib7]). One of the longest retrospective study with 50 patients followed by a mean treatment period of 43.3 months demonstrated a 11-fold decrease in the annual conversion rate from NGT to IGT and complete prevention of the development of T2D ([@bib41]). In our cohort the mean fasting glucose was within normal range throughout the longitudinal follow-up. Conversion to IGT and T2D was low, yet OGTT was not performed annually, but as recommended by national guidelines rescreened periodically at 2--3 years, meaning that this conversion risk could be underestimated.

Limitations and strengths
-------------------------

We acknowledge that our study has several limitations. The major one is its retrospective nature. It is clear that prospective randomized design represents the gold standard, but such a study would be extremely long lasting and laborious to achieve. Lack of randomization with placebo represents another possible bias, yet placebo arm in this group would have hardly been a realistic or possible approach. Moreover, the possible bias might be related to the process of ageing, in particular when interpreting the improvements of menstrual irregularity and hyperandrogenism as both improve by age. Furthermore, lifestyle measures that had been promoted by the lifestyle advice might contribute to at least some of the benefits including low rates of conversion to IGT and T2DM. Another point of concern is the high rate of drop-outs and the effects that may have on the study outcome. However, this attrition rate was similar to that from other studies on PCOS ([@bib16], [@bib30]).

The main strength of this study is the long-term longitudinal follow-up assessing the effectiveness of treatment with metformin in real life setting that is insufficiently studied in PCOS. Attempts were made to achieve clinical homogeneity of the included patients by reviewing the medical records of all 800 patients that had been referred to our clinics from 2006 to 2008. We included only those with phenotype A, BMI ≥25 kg/m^2^ with normal baseline fasting glucose level and normal glucose tolerance. All patients were managed in the single center using a standardized treatment protocol with 2000 mg metformin that had been introduced in all overweight-obese women regardless of their glycemic status unless contraindicated since 2006, and thus any possible selection bias had been eliminated. This offers very important and rarely available insight into the long-term longitudinal follow-up in this subset of patients that have not been, in general, characterized as candidates for metformin treatment until the latest recommendations update ([@bib7]).

Conclusions
===========

We conclude that, in agreement with the latest recommendations ([@bib7]), metformin should not be withheld from treatment of PCOS in overweight-obese women with normal fasting glucose and normal glucose tolerance. We suggest that treatment decisions for metformin are based on BMI, oligomenorrhea and biochemical hyperandrogenism regardless of the glycemic status. The overweight-obese and oligomenorrheic women should be prioritized treatment candidates. The high rate of drop outs not related to intolerance and side effects could be decreased in clinical practice by discussing the realistic treatment goals and potential benefits of long-term intervention.

Unanswered questions and future perspective
-------------------------------------------

We encourage future designs to investigate the stabilization of BM through the years as one of the main treatment benefits of long-term treatment with metformin in overweight-obese PCOS. The separate impact of metformin on visceral and s.c. fat depots is another topic that deserves further attention. The protective effect of the long-term use of metformin in reducing the risk of unopposed endometrial proliferation and endometrium cancer should also be evaluated.

The next important question is for how long metformin should be applied to reach the homeostasis that can sustain weight and glucose metabolism after metformin withdrawal. We suggest to compare the consequences of metformin withdrawal after long-term therapy as opposed to the consequences of metformin withdrawal immediately after the maximum treatment effect is achieved, usually after the first year. Intermittent regimens vs continuing long-term interventions with metformin represent another issue to be addressed.

The heterogeneity in response to metformin represents another exciting research field. Traditional as well as nontraditional risk cardiometabolic markers including chronic inflammation, oxidative stress, homeostasis and fibrinolysis imbalance, gut microbiota dysbiosis and epigenetic alterations sympathetic nervous system dysfunction ([@bib41]) should be considered as potential predictors for responders and non-responders. Furthermore, large-scale genome wide studies are also imperative to identify the best responders.

The further research needs to firstly identify and then prioritize those groups who will benefit most from being treated with metformin. The treatment goals and duration of therapy should be clearly defined, in particular, in overweight-obese women with PCOS and normal initial glucose homeostasis where its long-term use is currently more difficult to advocate. Individually tailored approaches might lead to better adherence that would provide better insights into a long-term cost--benefit profile. Continuing follow-ups in randomized prospective trials and in real life settings would provide further information on putative long-term benefits of metformin and whether they are homogeneous across subgroups.
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[^1]: ^a^The data analyses beyond 7 years are truncated because less than 10% of the participants continued with metformin therapy for more than 7 years.

[^2]: BMI, body mass index; DHEAS, DHEA sulphate; FBG, fasting plasma glucose; FSH, follicle-stimulating hormone; LH, luteinizing hormone; MF, menstrual frequencies; [s.d.]{.smallcaps}, standard deviation.
